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1 ABSTRACT 

Gels or hydrogels are described as the matrix of cross-
linked polymers. Hydrogels are naturally a part of the 
body in the form of collagen, gelatin, mucous, tear 
films, cartilage, vitreous humor, cornea, and tendon 
(Sionkowska, Skrzyński, et al. 2017). The high water 
content of the hydrogel scaffold mimics the properties 
of the soft tissue such as porosity, which helps in the 
diffusion of nutrients (Tibbitt and Anseth 2009). 
Alginate is a component of the extracellular matrix 
(ECM) in the form of polysaccharide, and it is one of 
the biomaterials used in the preparation of hydrogel 
scaffolds (Sargus-Patino 2013). To protect cells, the 
alginate based matrix for immobilization of the cells 
was first described in 1990 (Smidsrød and Skja 1990), 
and since then, numerous experiments have been 
attempted using alginate based scaffold for cell 
shielding and tissue engineering. This research 
represents alginate-based hydrogel scaffold designed 
to shield and grow the keratinocytes, fibroblasts and 
human epidermoid type -2 (HEp-2) cells.  

2 INTRODUCTION 

This research represents alginate-based hydrogel 
scaffold designed to mimic the ECM. Alginate is 
polysaccharide product obtained from seaweed 
extraction, and the alginate-based hydrogel is harmless 
and indigestion by human cells (Novikova, Mosahebi 
et al. 2006). Effect of component concentration on the 
structure of the hydrogel scaffold was investigated 
initially followed by cell culture in the scaffold. 
Alginate has high affinity to divalent cations 
responsible for cross-linking the alginate (Donati, 
Holtan, et al. 2005). Selection of cross-linker and 
component concentration is responsible for elasticity, 
swelling, porosity and structural stability (Palma 
Santana, Nedel et al. 2013). Therefore, initial 
experiments of this research were focused on 
component concentration optimization. The research 
at this stage is focusing culture of different type of 
cells on this alginate-based hydrogel scaffold but 

eventually will lead to co-cell culture and ex-vivo and 
in-vivo experiments.     

3 MATERIALS AND METHODS 

3.1 Materials 

Sodium alginate was purchased from, and the cross-
linker CaCl2 was purchased from Thermofisher Acros 
Organics (Geel, Belgium). All types of cells including 
Fibroblast, Keratinocytes and Human epidermoid type 
2 (HEp-2) cell were purchased from ATCC (ATCC®, 
Manassas, VA, USA). Milli-Q grade water was 
autoclaved to prepare required solutions.  

3.2 Preparation of hydrogel scaffold 

An intermolecular network of the hydrogel can be 
established in the presence of Ca2+ ions. Three 
different concentrations of alginate (1, 2 and 4 % w/v) 
and CaCl2 (0.5, 1 and 2 M) were prepared for 
optimization of component concentration. 
Optimization was performed by using rheometer (TA-
Instruments, New Castle, DE). Hydrogel scaffold of 
the optimized concentration was then tested for 
surface characteristics using scanning electron 
microscopy (SEM, Jeol technology) and swelling ratio 
(at 37˚C).    

Fibroblasts were proliferated using Dulbecco’s 
Modified Eagle Medium (DMEM) having added 10 % 
fetal bovine serum (FBS) mM L-glutamine, 75 U/ml 
penicillin, 100 mg/ml kanamycin and 75 mg/ml 
streptomycin.  

HEp-2 cell was proliferated using the minimum 
essential medium (MEM) having added 10 % fetal 
bovine serum (FBS) mM L-glutamine, 75 U/ml 
penicillin, 100 mg/ml kanamycin and 75 mg/ml 
streptomycin.  
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Keratinocytes were proliferated using Epilife medium 
supplemented with growth supplement. Cells 
(Fibroblasts, Keratinocytes, and HEp-2) were mixed 
into the alginate solution prior to cross-linking. 50,000 
cells were seeded in separate hydrogel prepared using 
the respective medium. 

4 RESULTS AND DISCUSSION 

4.1Component concentration optimization 

Prior to the cell seeding, it was important to optimize 
the component concentration to achieve maximum 
cross-linking with a porous structure that is needed for 
nutrient transfer. For this purpose, three different 
concentrations of the alginate and CaCl2 were 
selected. It was observed that an increase in the 
concentration of cross-linker does not necessarily 
yield better structure and high concentration of 
alginate is equally important to form a rigid hydrogel 
scaffold (Figure 1).  

 

Figure 1 Rheological analysis to optimize the 
component concentration to make hydrogel scaffold.  

Based on the results alginate concentration 4 % w/v 
and CaCl2 2M were considered for further 
optimization. Hydrogel scaffold of alginate 
concentration 4 % w/v and CaCl2 2M was freeze-dried 
and further tested for its absorption capacity. Porosity 
is an essential requirement of the scaffold for the 
nutrient transport as the cells inside the scaffold would 
require nutrient for survival. It was observed that the 
freeze-dried scaffold was swollen 10 times (Figure 2).  

 

 
Figure 2 Determination of swelling ratio of freeze-
dried hydrogel scaffold as a tool to confirm the porous 
structure.  

 

The above study confirms the porosity of the scaffold 
and this porous structure was later confirmed by SEM 
analysis (Figure 3). Sub-micron (<1µm) sized pores 
were observed on the scaffold structure. The SEM 
analysis not only confirms porosity but also shows 
highly cross-linked structure supporting result 
obtained from the rheological study.       

 

 
Figure 3 SEM image of freeze-dried alginate hydrogel 
scaffold: Microscopic elucidation of the porous 
structure of the hydrogel scaffold with optimized 
component concentration.  

 

4.2 Cell culture on hydrogel scaffold  

 Use of alginate hydrogel has a disadvantage of lack of 
binding sites for most of the cells (Palma Santana, 
Nedel, et al. 2013). To avoid this concentration, the 
cells were seeded in alginate solution before hydrogel 
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formation. This phenomenon has also been referred to 
as cell immobilization (Smidsrød and Skja 1990). The 
hydrogel scaffold was stored in an incubator at 37˚C, 
5 % CO2 and the viability of all three types of cells 
was imaged using fluorescence imaging. Initially, the 
experiment was performed using keratinocytes, and it 
was observed that the number of keratinocytes after 10 
days are increased when imaged in the same section. 
From this, it can be concluded that cell is not only 
surviving in the hydrogel scaffold but also are 
proliferating (Figure 4 a & d). It was also observed that 
keratinocytes have lost their shape and became round 
shaped. The reason for this is still unknown but when 
cultured other two types of cells (Fibroblast and HEp-
2), a similar situation of cell morphology change has 
been observed. Observation at this stage of the 
research represents that the alginate-based hydrogel 
scaffold holds the potential of being used in tissue 
engineering applications such as ECM mimicking, 
biosensors, etc. 
 
(a)

 
 

(b)

 
 

(c)

 
 

(d)

 
Figure 4 Fluorescence microscopy analysis. (a) 
Fibroblasts, (b) HEp-2 and (c) Keratinocytes and (d) 
Keratinocytes after 10 days. Beta-actin (Green) cell 
wall and DAPI (Blue) cell nucleus.  

 

5 CONCLUSION 

Rigid and porous structure of scaffold is required to 
not only for nutrient supply but also for the waste 
removal. This research represents alginate based 
porous scaffold mimicking ECM. Although cells have 
lost their shape identity the survival of cells on the 
alginate based scaffold is an achievement at this stage 
of research. However, cells not retaining their 
morphology is a current issue with this scaffold, but 
further structural modification may help cells retain 
the shape.   

22 TechConnect Briefs 2018, TechConnect.org, ISBN 978-0-9988782-4-9



6 REFERENCES 

1. Donati, I., S. Holtan, et al. (2005). "New 
hypothesis on the role of alternating sequences in 
calcium− alginate gels." Biomacromolecules 
6(2): 1031-1040. 

  
2. Novikova, L. N., A. Mosahebi, et al. (2006). 

"Alginate hydrogel and matrigel as potential cell 
carriers for neurotransplantation." Journal of 
Biomedical Materials Research Part A 77(2): 242-
252. 

  
3. Palma Santana, B., F. Nedel, et al. (2013). 

"Preparation, modification, and characterization 
of alginate hydrogel with nano-/microfibers: a 
new perspective for tissue engineering." BioMed 
research international 2013. 

  
4. Sargus-Patino, C. (2013). "Alginate hydrogel as a 

three-dimensional extracellular matrix for in vitro 
models of development." 

  
5. Sionkowska, A., S. Skrzyński, et al. (2017). "The 

review of the versatile application of collagen." 
Polymers for Advanced Technologies 28(1): 4-9. 

  
6. Smidsrød, O. and G. Skja (1990). "Alginate as 

immobilization matrix for cells." Trends in 
biotechnology 8: 71-78. 

  
7. Tibbitt, M. W. and K. S. Anseth (2009). 

"Hydrogels as extracellular matrix mimics for 3D 
cell culture." Biotechnology and bioengineering 
103(4): 655-663. 

  

 

 

23Biotech, Biomaterials and Biomedical: TechConnect Briefs 2018




